The ceHlular content of UDP-glucose in isolated wheat (Tfdcum aestvum L.) embryo increases 8-fold during the first 40 minutes of imbibition. An additional 3-fold increase in the amount of UDP-glucose was observed in the next 5 hours of germination. This communication also describes a unique, quantitative method to achieve a high sensitivity in a direct determination of UDP-glucose with Na 132Plpyrophosphate and UDPglucose pyrophosphorylase. The sensitivity of the assay for UDP-glucose is 10 picomoles.
The germination of seeds offers a field of study in the biochemistry of developmental biology. When water is added to the resting embryo, it changes from an arrested state to a germinating state and is then under a new developmental program which directs a sequence of molecular events that underlie the transition. Wheat embryo germination is characterized by an imbibition period of 40 min at 25 C with a rapid initial increase in fresh weight. This is followed by a metabolic phase of 5 hr during *hich there is only a minimal increase in fresh weight. Then there is a phase of cell elongation when fresh weight increases at a sustained rate (2, 11, 12) .
UDP-Glucose is an important sugar nucleotide involved in the synthesis of sucrose (9) , steryl glucosides (10) and cell wall components as ,B(l -* 3)-and B(1 -* 4)-glucan (14, 15) . The concentration of UDP-glucose can affect the type of product synthesized by glucan synthetase in several plant systems (13, 15, 16) . Direct determination of the cellular content of UDP-glucose may be desirable to study the role of UDP-glucose in these biosyntheses. charcoal (Merck, U.S. grade) well suspended in water. The mixtures were kept on ice for 10 min and vortexed three times during this period. Five ml ice-cold 10 mLm Trizma base were added to each sample and kept on ice for 10 min more before filtering through glass fiber filters (Whatman GF/A). The filters were washed four times with 5 ml ice-cold 10 mm Trizma base, dried, and counted in 10 ml toluene base scintillation fluid with a Beckman liquid scintillation spectrometer, model LS-IOOC. Preparation of Crude Extract. Two varieties of Triticum aestivum L. were used in these studies. To prepare the trichloroacetic acid-soluble extract, 50 mg isolated wheat embryos (about 0.6 mg/embryo) were germinated in a Petri dish (60 x 10 cm) on four layers of 4.25-cm diameter Whatman No. 1 filter paper with 2 ml of water (containing 20 ,ug/ml chloramphenicol) in the dark at 25 C for 40 min or 5.5 hr. The top layer containing the embryos was removed, blotted, and rinsed with 50 ml water. Embryos were ground first with 0.5 ml 10%1o ice-cold trichloroacetic acid and then mixed with 5 ml 5% ice-cold trichloroacetic acid. The homogenate was centrifuged for 10 min at 23,500g at 0 C, and the supernatant was saved. Five ml of water-saturated ether were used to extract the trichloroacetic acid in the supernatant. After three ether extractions, the aqueous phase was incubated at 60 C for 2 min to remove the remaining ether. Three ml of the supernatant were neutralized with 30 ,ul 1 M Trizma base. The precipitate was removed by centrifugation at 23,500g for 10 min at 0 C, and the clear extract was stored at -20 C.
RESULTS AND DISCUSSION
The reaction catalyzed by UDP-glucose pyrophosphorylase is used to determine the amount of UDP-glucose. The key step in this analysis is the coupling of the UDP-glucose pyrophosphorylase reaction with P-glucose mutase and glucose-6-P dehydrogenase followed by the quantitative, selective adsorption of the reaction product, ['P]UTP, onto activated charcoal in the presence of 0.8 M Trizma base. A general scheme for the UDP-glucose assay is:
32 32 P ± UDPG G-1-P + P-UTP G-6-P 6-PHOSPHOGLUCONATE The coupled enzymic system would allow the determination of UDP-glucose levels far below the Km of this substrate for UDP-ANALYSIS OF UDP-GLUCOSE glucose pyrophosphorylase. A similar system has already been developed in this laboratory to quantitate the cellular level of inorganic pyrophosphate in the pmol range with UDP-['4CJglu-cose (7) .
Charcoal adsorption is one of the most convenient techniques to quantitate the amount of radioactive nucleotide or nucleotidesugar formed enzymically. This technique has been used in our recently developed enzymic assays at the pmol level for the determination of adenine (3), guanine (4) and uracil ribonucleotides (5) . With a large number of samples, the described procedure offers the advantages of high sensitivity and ease of operation. Figure 1 shows a standard curve for the analysis of UDPglucose. The level of UDP-glucose is proportional to the amount of radioactive [32PUTP adsorbed onto charcoal. The assay is limited by the background which is approximately 0.2% of the input radioactivity. The addition of 0.8 M Trizma base is required to minimize the background of the assay. UDP-Glucose as low as 10 pmol can be determined by the described procedure. The theoretical value for the specific radioactivity of UDP-glucose is 2,000 cpm/pmol; the experimental value, as determined from the standard curve, is only 1,266 cpm/pmol. This observation would suggest that the reaction is incomplete. UDP-Glucose is a specific substrate for uridine 5'-diP-glucose pyrophosphorylase from yeast (1) . UDP-Galactose, UDP-xylose, and UDP-mannose, tested in this coupled enzyme system, do not react with inorganic
[32P]pyrophosphate to form [mP]UTP (data not shown).
The procedure has been used to analyze the amount of UDPglucose in the trichloroacetic acid extract of resting and germinating wheat embryos. The volume of crude extract used in the determination of UDP-glucose is such that the selected levels should be within the linear range of the concentration curve (Fig.  2) . When crude biological extracts are measured for the cellular content of UDP-glucose, an internal standard is always added.
This precaution would account for any change in the specific radioactivity of Na [mP]pyrophosphate due to different concentrations of endogenous pyrophosphate present in extracts, and any interfering substance that affects the enzymic conversion of UDPglucose to [32P]UTP. When 5 pl wheat embryo extract was used in the assay, approximately 83% of the internal standard could be recovered (Table I) . The level of UDP-glucose increases markedly during the early germination of wheat embryos. A 6-to 9-fold increase in the cellular content of UDP-glucose was observed after the first 40 min of imbibition and followed by a further 3-fold increase in the next 5 hr (Table I) . To quantitate the absolute amount of UDPglucose, the correction for the per cent recovery of the internal standard can be used (Table I , column 4). The synthesis of UDPglucose is most likely triggered by the rapid increase of UTP (8) and glucose-l-P (6) during the early imbibition period, since the enzyme required for the conversion of [a-mPjUTP to UDP[mP]-glucose is already present in wheat germ extract (17) . The cellular level of UTP and glucose-1-P increases 4-and 2-fold, respectively, from 40 min to 5.5 hr (6, 8) . It is possible that the substrate level of either UTP or glucose-I-P may govern the extent of increase in the cellular content of UDP-glucose during the metabolic phase.
